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Abstract

Fourier Transform IR Photoacoustic (FTIR-PAS) dichroism studies
have been applied to determine molecular orientation from the surface of
one-way drawnrpoly(ethylene terephthalate) film. When compared with ATR
dichroic spectra obtained with a modified, rotatable sample holder on the
same sample, PA spectra show saturation effects in strong absorption bands
near 1730, 1250 and 1100 cm-l, probably due to the greater penetration
depth in the PA technique. The dichroic ratios (kx/ky) on the plane of the
sample film have been calculated from PA spectra, only on bands which do
not show saturation and compared with the analogous ratios determined from
ATR dichroic spectra. For three well-known parallel bands at 1335, 975 and
795 cm.'1 the dichroic ratio is greater than unity in both ATR and PAS, as
expected from the drawing process. 1In general, somewhat lower dichreoic
ratios are observed by PA spectra than by ATR spectra with this sample,
Possible reasons for this trend are discussed. This study demonstrates the
potential of FTIR-PAS dichroism as a complementary technique to ATR dichroism,

especially on samples with rough or brittle surfaces.
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, Photoacoustic spectroscopy (PAS) has been shown to be a very
' useful experimental technique for the study of the spectra of gases,
liquids, and solids. Rosencwaig(l) has recently reviewed the theoretical
and experimental aspects of PAS and has shown its applicability especially
for the study of solids. In the PAS experiments the solid under study is

placed in a sealed cell containing an inert gas and a highly sensitive

microphone. Pulsed or chopped radiation is focussed on the sample by means
of suitable optics. If the sample absorbs radiation at any particular fre-
quency, the absorbed radiation is converted into thermal energy by non-
radiative processes. This thermal energy is transmitted to the surrounding
gas and sets up a pressure wave in the cell. This pressure or acoustic

. ) wave is detected by the microphone resulting in the PA signal. This signal
is proportional to the incident energy, and is also dependent on the thermal

and optical properties of the sample. The thickness or the depth of the

> sanple from which the PA sigral emanates is also dependent on the chopping
. frequency. Rosencwaig(l) has shown that this depth can be of the order of
10 to 100 micrometers at low (V5 KHz) chopping frequencies and of the order A

of 0.1 to 1 micrometer for high (v100 KHz) chopping frequencies. The PA

technique has becen recently extended to the mid~infrared region of the
electromagnetic spectrum by several investigators using dispersive(2) or
Fourier transform(3,4) spectrometers. Krishnan(5) has shown that under
normal operating conditions of the Fourier trans{orm infrared (FT-IR) instru-

ments, the PA signal can arise from a layer of thickness around 10 micromcters

for typical polvmers at 1000 cm-l. This thickness would then represent an

intermediate case when compared to infrared surface measurement techniques

such as attenuated total internal reflectance (ATR) and bulk mecasurement
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techniques such as transmission. One of us (Sung,6) has recently shown
that the dichroic ratios and hence the surface orientation of polymers
could be studied using a modified polarized IR-ATR technique. In this
note we show that good qualitv dichroic spectra can be obtained for
polymers using the PA method. The results obtained from PA spectra will
be compared with the dichroic ratios obtained for the same sample by the
modified polarized ATR technique.

The sample used in the present study was a sheet of poly (ethy-
lene terephthalate), one-way drawn between a pair of rollers. The surface
studied was that facing the hot roller. All the spectra presented here were
recorded at 4 cm-1 spectral resolution using a Digilab FTS-15 Fourier trans-
form infrared spectrometer. The polarized ATR spectra were recorded using
a specially designed accessory with a symmetrical KRS-5 crystal, as described
in Reference 6, and a liquid nitrogen cooled mercury cadmium telluride detcc~
tor. The polarizer in the ATR accessory (a germanium double diamond crossed-
plate type from Harrick) was set at perpendicular polarization (TE wave),
and two spectra were recorded for the sample oriented with its draw axis
perpendicular and parallel to the incident plane. The ratio of peak heights
in the two spectra will then yield the dichroic ratio kx/ky, where x is the
stretch direction and y is transverse to x. The PA spectra were recorded
using a Digilab PAS cell and a gold wire grid polarizer (Perkin-Elmer). Two
PAS spectra were recorded, this time by keeping the sample orientation con-
stant but by changing the polarizer orientation by 90 degrees. The ratio
of the peak heights in these two spectra will also yield the dichreic ratio
kx/ky.

Figure 1 shows the k, spectra from the PA (top) and the ATR

(bottom) measurements. One can see the qualitative similarity in the

appearance of the two spectra. Figure 2 shows the corrvesponding ky spectra.
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It can be seen in Figures 1 and 2 that the positions of the strongest
bands in the PA and ATR spectra are at different frequencies. This is
particularly noticeable for the bands at around 1730, 1250 and 1100 cm-l.
Krishnan(5) has shown that these differences arise due to saturation
effects in the PA spectra. When the sample absorption at a particular
frequency 1is very strong, most of the incident radiation at this frequency
is absorbed within a sample thickness that is small compared to the thermal

3 diffusion length of the sample and the PA spectrum will show saturation at

this frequency(l). The weaker absorptions, however, will not show this

effect and will exhibit an apparent increase in intensity relative to the
saturated ones. Thus in the PA spectra of the PET sampie, the satellite
absorbances of the strongest bands in the sample are enhanced, leading to
an apparent shift in the strongest bands in the PA spectra. The weaker
bands in the PET spectrado not show these saturation effects and appear at
the same frequencies in the PA and ATR spectra.
{ Table 1 summarizes the dichrojc ratios kx/ky derived from the PA
“
and the ATR experiments for PET, after excluding saturated bands. It can
be observed that for three well known parallel bands(7), at 1335, 975 and

795 cm-l, the dichroic ratio is greater than unity in both ATR and PAS, as

expected from oné-way drawing. In hot-rolled samples such as the one used A

in the present study, the surface may be expected to show a slightly grecater

degree of orientation than the bulk of the sample. If as was postulated by

Krishnan(5), the depth of penetration is greater in the PA experiments than
in the ATR experinents, then one would expect the dichroic ratios from the
PA spectra to be closer to unity when compared to the ratios from the AR

spectra. The results shown in Table 1 show that this may indeed be the

case generally. The results preseuted here would thus indicate the potential




‘ that polymer orientation as a function of sample depth can be studied by
a combination of ATR and PA experiments. Furthermore, if ATR cryvstals of
different refractive indices and effective angles could bé used, then a
complete depth profiling of the orientation might be achieved.
In conclusion, we have shrwm that good quality dichroic spectra
which give reasonable dichroic ratios can be achieved using the FTIR-PAS
technique. As far as the authors are aware, this is the first such study

of the dichroic FTIR-PAS spectra. Since the PA technique does not depend

on a good contact of the sample with the reflection crystal as in ATR, the
PA technique can be used to determine orientation in films with rough or

brittle surfaces.
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Table 1.

Comparison of Dichroic Ratio (kx/ky) on the PET Surface

by FTIR-ATR and FTIR-PAS Techniques

| Bands- Dichroic Ratio (kx/ky)
(o ATR PAS

1335 6.08 2.56

975 4.09 2.78

795 1.73 1.39
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Figure Captions

Figure 1. (Top) Photoacoustic spectra of PET surface.
(Bottom) Polarized ATR spectra of PET surface.
In both spectra, polarization was parallel to x

(draw direction) and thus kx is obtained.

Figure 2. (Top) Photoacoustic spectra of PET surface.

(Bottom) Polarized ATR spectra of PET surface. 1In both

spectra, polarization was perpendicular to x (draw

direction), and thus ky is obtained.

WL W W Spcipt



L

PHOTOACOUSTIC SIGNAL

ATR ABSORBANCE

DIGICAB FY5=IMX ' '

1600 7600 453 1980
. WAVENUMDERS
PET. OUTSIDE

RES=4  OF
Figure 1




TOICICAB FYS-IMX v = ¥ v
g )
4
s
w
Y
-~
()]
2D
[=)
v
[
[=]
-
m f
*
")
LV
z
[«
{14
[«]
w
[}
<
o
=
<
2o 1600 600 T4 v.) T5) L T
WAVENUMBERS
PET, OUTSIOE
RES=4 OP

< . Figure 2




r S T e B ‘J T " |

‘Dr. Stephen H. Carr

Department of Materials Science
Northwestern University
Evanston, Illinois 60201

Dr. M. Broadhurst

Bulk Properties Section
National 3ureau of Standards
U.S. Departaent of Ccmmerce

- Washington, D.C. 29234

Professor G. Whitesides

Department of Cheaistry

Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Dr. D. R. Uhlmaan
Department of Metallurgy
and Material Science
Massachusatts Institute
of Technology
Cambridge, Massachusetzs 02139

Naval Surface %eapons Center
Attn: Dr. J. M. Augl,
Dr. B. Eartzan
White Ozk
Silver Spring, Maryland 20910

Dr. G. Goodnman

Globe Union Incorporated
5757 Yorth Green 3ay Avenue
Milwaukee, Wiscomsin 33201

Professor Fatsuo Ishida

Departaent oI Macromolecular Scilence
Case~-Western Reserve University
Cleveland, Shio 44106

Dr. David Soong

Departnent of Chemical Inzineering
University of California

Berkeley, California 94720

Dr. Curtis %, frank

Departzent of Chemical Engineering
Stanford TUaiversizy

Stanford, Caltfcraia 94205

Picatiany Arsenal

Attn: A. M. Anzalone, Building 340!
SMUPA-FR-¥-D

Dover, New Jersey 07801

Dr. J. %X, Gillham
Departzent of Chenistry
Priaceton Tniversit
Princeton, New Jersey (8340

Dr. E. Baer

Departzent of Macromolecular
Science

Case Western Reserve University

Cleveland, Ohio 44106

Dr. XK. D. Pae

Departaent of Mechanics and
Materials Sciaence

Rutgers University

Yew Brunswick, New Jersey (08903

NASA-lewils Research Center

Atta: DJr. T. T, Serofini, MS-49-1
21000 3rookpark Road

Cleveland, Ohio 44135

Dr. Charles H. Sherman

Code TD 12}

Naval Underwatar Systems Center
New London, Conneczicut 36320

Dr., William Usen

Departaent of Chenmistry

Brown Uaiversity

Providence, Rhode Island 02192

Dr. Alan Gent
Departsent of Phvsics
University of ixron
Akron, Ohio 44304

Mr. Rotert W. Jones

Advanced Projects Manager
Aughes -Aircralc Cempaay

Mail Station 2 132

Culver City, Califorala 90230

SP472-3/85 472:GAN: T15:en]
, 78u472-508
TECHENICAL REPORT DISTRIZUTION LIST, 356A
_ . _ o
Copiles Copies

p—

- T T A e i AR

v




{ e

. - haee |
b
SP472-3/37 472:CAN:716:1ad .
78u472-608
' ) TECHNICAL REPORT DISTRIBUTYION LIST, 3564
Coples Covies

Dr. C. Glori

I1IT Research Institute
10 West 35 Street
Chicago, Illinois 50616

Dr. R. S. Roe

Departent of of Materials Sclence
and Metallurgical Eagineering

University of Cincinnaci

Cincinnati, Ohio 45221

Dr. Robert T. Cohen

Chemical Ingineering Depar:iment
Massachusetts Iastizute of Techmnology
Cambridge, Massachusetcs 02139

Dr. T. P. Conlon, Jr., Code 3622
Sandia Laboratories

Sandia Corporaticn

Albuquerque, New Mexico

Dr. Martin Kaufmana, Head
Materials Research 3rianch, Code 4542
Naval Weapons Center

China Lake, Califorania 93555

Professor S. Senturia

Departxent of Tlectrical Sngineering
Massachusetts Iastitute of Technology
Cambridge, Massachusetts 032139

Dr. T. J. Reinhart, Jr., Chiaf
Composite and Fidrous Mararials 3ranch
Nonoetallic Matarials Tivision
Department of the Air Force

Alr Force Materfals Laboraczory (AFSC)
Wright-Patterson AF3, Chio 43433

Dr. J. Lando

Department of Macromolecular Science
Case Western Reserve University
Cleveland, Ohio 44106

Dr. J. White

Chemical and Metallue
Ualversity of Tennes
Rnoxville, Teanassee

2

Dr. J. A. Manson

Macerials Research Center
Lehizh University

Bethlehenm, Pennsylvania 18015

Dr. R. F. Helareich
Contrace RD&E

Dow Chenmical Co.
Midland, Michigan - 48640

Dr. R. S. Porter

Deparczent of Polymer Sclance
and Engineering

University of Massachusetts

Amnherst, Massachusetts 721002

Professor Garth Wilkes

Departpent of Chezical Zngineering

Virginia Polytachnic Institute aand
State University

Blacksburg, Virgiania 24061

Dr. Kurt 3aun
Fluorochexz Inc.
630. S. Ayon fyenue
Azuza, California 917922
- TN
Professor-C. S. Paik Sung
Department,éf'xatarials Sclencas and
Engineeriag Rooa 8-109
Massachusetts Institute of Technology
Canbridge, Massachusetts 02129

Professor 3rian Yewman

Department of Mechaaics and
Materials Science

Rutgers, The State Universitcy

Piscataway, Vew Jersavy 08833

Dr. John Lundbery

School of Textile EInginecring
Georgia Tastitute of Tachnology
Atlanta, Georgia 30332

-




ot v ¢

L]

+ N>
e U

s e

P
SB472-3/Al

472:GAN:716:en}
¢+ 78u472-608

TECHNICAL REPCRT DISTRIBUTION LIST, GEN

Of fice of Naval Research
Attn: Code 472

800 North Quincy Street
Arlington, Virginia 22217

ONR Western Regional Office
Attn: Dr. R. J. Marcus
1030 East Green Street
Pasadena, California 91106
ONR Eastern Regional Office
Attn: Dr. L. H. Peebles
Building 114, Section D
666 Sunmer Street
Boston, Massachusetts 02210
Director, Naval Research Laboratory
Attn: Code 6100
Washington, D.C. 20390
The Assistant Secretary
“of the Navy (RELS)
Department of the Navy
Room 4£736, Pentagon
Washington, D.C. 20350

Commander, Naval Air Systems Command
Attn: Code 310C (H. Rosenwasser)
Department of the Navy

Washington, D.C. 20360

Defense Technical Information Center
Building 5, Cameron Station
Alexandria, Virginia 22314

Dr. Fred Saalfeld

Chemistry Division, Code 6100
Naval Research Laboratory
Washington, D.C. 20375

No.

Copies

12

U.S. Army Research Office
Attn: CRD-AA~IP

P.O0. Box 1211

Research Triangle Park, N.C. 27709
Naval Ocean Systems Center

Attn: Mr. Joe McCartney

San Diego, California 92152

Naval Weapons Center
Attn: Dr. A. B. Amster,
Chemistry Division

China Lake, California 93555
Naval Civil Engineering Laboratory
Attn: Dr. R. W. Drisko
Port Hueneme, California 93401
Department of Physics & Chemistry
Naval Postgraduate School
Montercy, California 93940

Scientific Advisor

Comnandant of the Marine Corps
(Code RD~1)

Washington, D.C, 20380

Naval Ship Research and Development
Center

Attn: Dr. G. Bosmajian, Applied
Chemistry Division

Annapolis, Maryland 21401

Naval Ocean Systems Center

Attn: Dr. S. Yamamoto, Marine
Sciences Division

San Diego, California 91232

Mr. John Bovle

Materials Branch

Naval Ship Engincering Center
Philadelphia, Peunsylvania 19112

Copies

AL WV St Y W)




. 'S

| $P472-3/A3 472:GAN:716:eas
‘ : 78u472-608

TECHNICAL REPORT DISTRIBUTION LIST, GEN

No.
Copies
4

Mr. James Kelley
DTNSRDC Code 2303

Annapolis, Maryland 21402 1

Mr. A. M. Anzalone . .
Administrative Librarian

PLASTEC/ARRADCCM

Bldg 3401

Dover, New Jersey 07801 1

Car grl e

v ¥ 92
-




